N-carbobenzoxy-L-proline (Z-Pro-OH, 13.2 g, 53.0 mmol) and L-proline tert-butyl ester hydrochloride (10.0 g, 48.1 mmol) were dissolved in anhydrous dichloromethane, then 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC·HCl, 10.3 g, 53.7 mmol) and N,N-diisopropylethylamine (DIPEA, 9 mL, 52.9 mmol) were added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The reaction mixture was concentrated in vacuo and ethyl acetate was added. The organic layer was washed with 10% citric acid aqueous solution, saturated sodium hydrogen carbonate, and water. The organic layer was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The product (Z-Pro2-OtBu) was obtained as white powder (16.4 g, 41.3 mmol, 86%). H-Pro2-OtBu Z-Pro2-OtBu (16.4 g, 41.3 mmol) was dissolved in methanol, and Pd/C was added slowly. The reaction vessel was filled with hydrogen gas. This solution was stirred for 6 h at room temperature and then evaporated to dryness under reduced pressure. The product (H-Pro2-OtBu) was obtained as white powder (11.2 g, 41.0 mmol, 99%). 
Materials

Z-Pro2-OtBu
N-carbobenzoxy-L-proline (Z-Pro-OH, 13.2 g, 53.0 mmol) and L-proline tert-butyl ester hydrochloride (10.0 g, 48.1 mmol) were dissolved in anhydrous dichloromethane, then 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC·HCl, 10.3 g, 53.7 mmol) and N,N-diisopropylethylamine (DIPEA, 9 mL, 52.9 mmol) were added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The reaction mixture was concentrated in vacuo and ethyl acetate was added. The organic layer was washed with 10% citric acid aqueous solution, saturated sodium hydrogen carbonate, and water. The organic layer was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The product (Z-Pro2-OtBu) was obtained as white powder (16.4 g, 41.3 mmol, 86%). H-Pro2-OtBu Z-Pro2-OtBu (16.4 g, 41.3 mmol) was dissolved in methanol, and Pd/C was added slowly. The reaction vessel was filled with hydrogen gas. This solution was stirred for 6 h at room temperature and then evaporated to dryness under reduced pressure. The product (H-Pro2-OtBu) was obtained as white powder (11.2 g, 41.0 mmol, 99%). 
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Z-Pro3-OtBu Z-Pro-OH (11.2 g, 44.9 mmol) and H-Pro2-OtBu (11.2 g, 41.0 mmol) were dissolved in anhydrous dichloromethane, then EDC·HCl (8.7 g, 45.4 mmol) was added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The reaction mixture was concentrated in vacuo and ethyl acetate was added. The organic layer was washed with 10% citric acid aqueous solution, saturated sodium hydrogen carbonate, and water. The organic layer was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The product (Z-Pro3-OtBu) was obtained as white powder (16.8 g, 33.6 mmol, 82%). H-Pro3-OtBu Z-Pro3-OtBu (16.8 g, 33.6 mmol) was dissolved in methanol, and Pd/C was added slowly. The reaction vessel was filled with hydrogen gas. This solution was stirred for 6 h at room temperature and then evaporated to dryness under reduced pressure. The product (H-Pro3-OtBu) was obtained as white powder (12.0 g, 32.8 mmol, 98%). Z-Pro4-OtBu Z-Pro-OH (9.4 g, 37.6 mmol) and H-Pro3-OtBu (12.0 g, 32.8 mmol) were dissolved in anhydrous dichloromethane, then EDC·HCl (7.3 g, 38.0 mmol) was added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The reaction mixture was concentrated in vacuo and ethyl acetate was added. The organic layer was washed with 10% citric acid aqueous solution, saturated sodium hydrogen carbonate, and water. The organic layer was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The product (Z-Pro4-OtBu) was obtained as white powder (16.0 g, 26.8 mmol, 80%). H-Pro4-OtBu Z-Pro4-OtBu (1.97 g, 3.3 mmol) was dissolved in methanol, and Pd/C was added slowly. The reaction vessel was filled with hydrogen gas. This solution was stirred for 6 h at room temperature and then evaporated to dryness under reduced pressure. The product (H-Pro4-OtBu) was obtained as white powder (1.48 g, 3.2 mmol, 97%). 
The reaction mixture was concentrated in vacuo and ethyl acetate was added. The organic layer was washed with 10% citric acid aqueous solution, saturated sodium hydrogen carbonate, and water. The organic layer was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The product (Z-Pro4-OtBu) was obtained as white powder (2.38 g, 2.4 mmol, 80%). H-Pro8-OtBu Z-Pro8-OtBu (2.38 g, 2.4 mmol) was dissolved in methanol, and Pd/C was added slowly. The reaction vessel was filled with hydrogen gas. This solution was stirred for 6 h at room temperature and then evaporated to dryness under reduced pressure. The product (H-Pro8-OtBu) was obtained as white powder (2.04 g, 2.4 mmol, 100%). 
C343-Pro4-OtBu (reference compound)
Coumarin343 (285 mg, 1.0 mmol), H-Pro4-OtBu (510 mg, 1.1 mmol), and 2-(1H-7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU, 494 mg, 1.3 mmol) were dissolved in anhydrous N,N'-dimethylformamide (DMF, 30 mL), then DIPEA (1.0 mL) was added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The distilled water was added into the reaction mixture, and then the product was extracted by chloroform. This solution was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The crude product was purified by silica-gel column chromatography using chloroform:methanol (19:1 v/v) as eluent. The product (C343-Pro4-OtBu) was obtained as yellow powder (438 mg, 0.60 mmol, 60%). 09 (s, 1H), 6.31 (s, 1H), 4.93-4.52 (m, 4H), 3.87-3.42 (m, 8H), 3.34-3.25  (m, 4H), 2.71-2.64 (m, 4H), 2.38-1.68 (m, 20H) .
C343-Pro4-phen C343-Pro4-OH (202 mg, 0.30 mmol), 5-(piperazin-1-yl)-1,10-phenanthroline hydrochloride (phen, 150 mg, 0.45 mmol), HOBt (75 mg, 0.49 mmol), and HATU (200 mg, 0.52 mmol) were dissolved in anhydrous DMF (10 mL), then DIPEA (0.2 mL) was added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The distilled water was added into the reaction mixture, and then the product was extracted by chloroform. This solution was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The crude product was purified by aluminum column chromatography using chloroform:methanol (98:2 v/v) as eluent. The product (C343-Pro4-phen) was obtained as yellow powder (98 mg, 0.11 mmol, 37%). C343-Pro8-OtBu (reference compound) Coumarin343 (285 mg, 1.0 mmol), H-Pro8-OtBu (936 mg, 1.1 mmol), and HATU (494 mg, 1.3 mmol) were dissolved in anhydrous DMF (30 mL), then DIPEA (1.0 mL) was added. This solution was stirred for 1 h at 0 °C and then 20 h at room temperature. The distilled water was added into the reaction mixture, and then the product was extracted by chloroform. This solution was dried over sodium sulfate and was evaporated to dryness under reduced pressure. The crude product was purified by silica-gel column chromatography using chloroform:methanol (19:1 v/v) as eluent. The product (C343-Pro8-OtBu) was obtained as yellow powder (950 mg, 0.85 mmol, 85%). Figure S1 . Absorption (black line) and emission (red line) spectra of C343-Pro4-OtBu, C343-Pro8-OtBu, and BTQphenBoc in MeCN. Figure S2 . Phosphorescence decay curves of RP2 in HeLa and MCF-7 cells under 21% (black) and 2.5% (red) O2 conditions. 
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